Aim: To analyse rehospitalisation of newborns of all gestations. Methods: A total of 33 276 surviving infants of all gestations born between 1 October 1998 and 31 March 2000 at seven Kaiser Permanente Medical Care Program (KPMCP) delivery services were studied retrospectively. Results: Rehospitalisation rates within two weeks after nursery discharge ranged from 1.0% to 3.7%. The most common reason for rehospitalisation was jaundice. Among babies >34 weeks, the most important factor with respect to rehospitalisation was use of home phototherapy. Among babies who were not rehospitalised for jaundice, African-American race (adjusted odds ratio (AOR) = 0.56), and having a scheduled outpatient visit (AOR = 0.73) or a home visit (AOR = 0.59) within 72 hours after discharge were protective. Factors associated with increased risk were: being small for gestational age (AOR = 1.83), gestational age of 34-36 weeks without admission to the neonatal intensive care unit (AOR = 1.65), Score for Neonatal Acute Physiology, version II, >10 (AOR = 1.95), male gender (AOR = 1.24), having both a home as well as a clinic visit within 72 hours after discharge (AOR = 1.84), and birth facility (range of AORs = 1.52-2.36). Asian race was associated with rehospitalisation (AOR = 1.49) when all hospitalisations were considered, but this association did not persist if hospitalisations for jaundice were excluded. Conclusions: In this insured population with access to integrated care, rehospitalisation rates for jaundice were strongly affected by availability of home phototherapy and by follow up. For other causes, moderate prematurity and follow up visits played a large role, but variation between centres persisted even after controlling for multiple factors. Future research should include development of better process measures for evaluation of follow up strategies.
R ecently, rehospitalisation of healthy term newborns has received scientific and media attention. [1] [2] [3] [4] [5] [6] [7] [8] [9] Less research has been done on short term rehospitalisation of other newborns. 10 11 In 1999 we reported on rehospitalisations among newborns admitted to the neonatal intensive care unit (NICU). 12 We found that the highest rehospitalisation rate occurred among newborns 33-36 weeks gestation that had a length of stay (LOS) of less than four days. We also found considerable inter-facility variation in rehospitalisation rates.
The purpose of this study was to take a more comprehensive look at neonatal rehospitalisation. Unlike our previous study, we included all surviving infants and paid greater attention to inter-facility variation. We sought to identify patterns that could be useful to practitioners making newborn discharge and short term follow up decisions.
METHODS

Study setting
Our study setting consisted of seven Kaiser Permanente Medical Care Program (KPMCP) delivery centres, a managed care organisation resembling the British National Health Service 13 in some respects (for example, physicians are salaried, and care is provided on a capitated basis). At two of these sites, alliance facilities, KPMCP providers share the clinical facilities with fee-for-service providers. This study does not include non-KPMCP patients. Board certified neonatologists staff all seven KPMCP newborn services. Infants requiring some forms of specialised care (for example, extracorporeal membrane oxygenation) are transported to university centres but often return to KPMCP facilities before discharge home. High risk newborns discharged from the seven study sites receive follow up services, such as home visits, from the KPMCP and agencies in California and Colorado.
Within the KPMCP, admission to the NICU is always left to the treating physician's discretion, except with respect to premature and low birth weight infants. For these infants, mandatory admission to the NICU policies exist but these vary by facility (that is, one facility may mandate automatic admission for birth weight ,2500 g while another employs a ,2000 g cut-off). Discharge decisions, decisions to initiate specific treatments (for example, for jaundice), and policies for which baby gets a follow up home visit (as opposed to a clinic visit) are generally based on facility specific policies. However, none of these facilities have mandatory chronological age or attained weight criteria for discharge. Since individual KPMCP facilities have fairly broad budgetary autonomy, individual facilities may differ on how they allocate resources (for example, whether or not to employ home phototherapy, whether or not to invest in follow up clinics as opposed to home health visits).
The KPMCP Institutional Review Board for the Protection of Human Subjects approved this study.
Study population
The study included all live births between 1 October 1998 and 31 March 2000. The methods employed to link data sources have been published elsewhere. 12 14-19 We used the Kaiser Permanente Neonatal Minimum Data Set (NMDS) database 20 to develop a retrospective cohort of NICU admissions. Inclusion criteria consisted of: (1) NICU admission with a date of birth in the study period; (2) birth at one of the seven facilities; and (3) surviving to discharge. We did not include babies transported into these seven NICUs (outborn babies).
Babies not admitted to the NICU were identified from KPMCP hospitalisation databases. Variables such as gestational age were obtained from the NMDS database 20 or from other KPMCP databases. We calculated LOS using time of birth and time of first discharge home (if transport occurred, it includes time spent in multiple facilities). Post-menstrual age at discharge was calculated by adding hospital LOS to gestational age. KPMCP databases tracking provision of home nursing visits and home phototherapy were also scanned. We did not have access to data for follow up services provided by California or Colorado agencies.
KPMCP information systems use a common medical record number, which permits easy linkage of hospitalisation, rehospitalisation, clinical, and laboratory data for a given member, as well as linkage of a maternal to a neonatal record. Babies born to KPMCP women members are automatically covered for the first month of life, which permits attaining very high follow up rates. We determined which babies completed their automatic membership month during the study time period, then scanned the length of enrolment database to identify which of these babies did not continue KPMCP membership. We also searched KPMCP outpatient, inpatient, and out-of-plan utilisation databases to determine who did not have utilisation during the 21 days following NICU discharge, and would therefore be lost to follow up. These babies were not included in multivariate analyses.
Newborn groups, diagnoses, and severity of illness Based on previous studies, 12 15 21-23 we suspected that some infants were at higher risk of rehospitalisation, and that five diagnostic categories (jaundice only; jaundice with other diagnoses; feeding difficulties; evaluation for bacterial infection (''rule out sepsis''); and confirmed urinary tract infections) accounted for most rehospitalisations. We divided survivors into three groups: very premature (,34 weeks) infants, who are automatically admitted to the NICU; moderately premature infants (34-36.9 weeks); and term infants (>37 weeks). Among babies >34 weeks, we examined three admission types: normal newborn care; brief (,24 hours) admission to the NICU; and formal NICU admission (>24 hours in the NICU).
We When more than one category applied, we counted the child as belonging to each category. A rehospitalisation where any of the following occurred was considered ''severe/prolonged'': (1) LOS exceeded seven days; (2) assisted ventilation; (3) inter-hospital transport; and/or (4) death.
All newborns who remained in the NICU for >24 hours were assigned a 12 hour Score for Neonatal Acute Physiology, version II (SNAP-II). 25 The SNAP-II score, which is similar in some ways to the CRIB, 26 assigns points based on physiological derangements in the first 12 hours in the NICU as measured by the following variables: (1) the lowest mean arterial blood pressure, temperature, ratio of arterial oxygen tension to fraction of inspired oxygen, and pH; (2) whether or not a newborn had seizures; and (3) urine output. Babies' SNAP scores can range between 0 and 115, although survival is unusual with scores .50. A general rule of thumb is that, above a score of 9, one SNAP-II point is roughly equivalent to a 0.3-0.6% mortality risk. For analytical purposes, newborns not assigned a SNAP-II (healthy newborns or newborns in the NICU for ,24 hours) received scores of 0.
Statistical methods
Bivariate comparisons of potential predictors that were categorical to rehospitalisation were performed using the x 2 test or Fisher's exact test in the case of small cell sizes. Continuous variables were examined using Student's t test if normally distributed and the Wilcoxon non-parametric test if not normally distributed.
Initial selection of variables for multivariate models was based on the results of bivariate comparisons, biological plausibility (for example, we included race because it is associated with differences in bilirubin levels 27 ), and results of previous studies.
12 15 18 Centre was included in these models as a fixed effect. Variables were retained in the final model if they reached statistical significance or if the fact that they did not reach statistical significance was clinically significant.
The small number of centres in our study limited our ability to employ statistical techniques that specifically address the issue of clustering. 28 Therefore, we used a simplified approach to explore centre level predictor effects (for example, monthly delivery volume). This consisted of eliminating the facility variable from the multivariate model, substituting the centre level predictor of interest for the facility variable, determining the adjusted odds ratio (AOR) and 95% confidence interval (95% CI) for the predictor, and comparing the c-statistics of the resulting models to assess predictive ability. A c-statistic value near 0.5 indicates no discriminatory power, whereas a value of 1.0 indicates perfect discrimination. 29 The value of the c-statistic also equals the area under the receiver operating characteristic (ROC) curve. All statistical analyses employed SAS. 30 
RESULTS
During the study period, 33 374 live births occurred at the study sites and 33 276 (99.7%) survived to discharge. A total of 3811 babies were admitted to the NICU and 3744 survived to discharge. An additional 31 deaths occurred among newborns never admitted to the NICU (newborn comfort care and delivery room deaths). We did not find significant inter-facility differences in in-hospital neonatal mortality rates. Of the 33 276 survivors, 862 (2.6%) were ,34 weeks gestation, 2153 (6.5%) were 34-36 weeks, and 30 261 (90.9%) were 37+ weeks. Rehospitalisation rates varied by gestational age range: 26/862 (3.0%) among babies ,34 weeks, 94/2153(4.4%) among babies 34-36 weeks, and 618/30 261 (2.0%) among babies 37+ weeks. Table 1 provides data from individual facilities and shows the variation with respect to numbers and characteristics (for example, birth weight) of patients. Additional data on individual hospitals can be found in an appendix (see ADC website).
The most common reason for rehospitalisation was jaundice, with 253/738 (34.3%) of the 738 rehospitalisations falling into the ''jaundice only'' category and an additional 129/738 (17.5%) having jaundice plus some other diagnosis. Among the infants in the ''jaundice only'' category, all but one were >34 weeks gestation at birth. Other reasons were less common: feeding difficulties were present in 26.0% of the rehospitalisations, ''rule out sepsis'' in 11.1%, severe or prolonged illness in 10.0%, and miscellaneous reasons in 24.1%. Many infants had more than one diagnosis. Among babies rehospitalised with ''jaundice only'', 84% of the rehospitalisations occurred within 72 hours after discharge while among other rehospitalisations, 46% occurred within 72 hours.
Considerable variation in overall rehospitalisation rates and in rehospitalisation rates for specific conditions was present across facilities. The degree of variation with respect to phototherapy use was different if one also considered home phototherapy. For example, among babies 34-36.9 weeks gestation, the jaundice rehospitalisation rate ranged from 0.3% to 4.5%, whereas the range of infants treated with phototherapy (occurring at home or in the hospital) was 2.2-5.9%. Among babies >37 weeks gestation, the jaundice rehospitalisation rate ranged from 0.0% to 1.2%, whereas the range of infants treated with phototherapy was 0.7% to 1.3%. Among babies >34 weeks gestation at birth, the overall rehospitalisation rate for ''jaundice only'' at the five facilities that did not have ready access to home phototherapy was 1.0%, whereas at the other two facilities this rate was 0.3%. This difference was significant (p , 0.0001). The rate of treatment with phototherapy at the five facilities that did not have ready access to home phototherapy was 1.1%, whereas at the two facilities with ready access this rate was 1.4% (p = 0.0052). Table 2 shows our final multivariate logistic model for prediction of rehospitalisation for all causes. Asian infants were more likely to be rehospitalised (AOR = 1.49), whereas African-American infants were at lower risk (AOR = 0.61). Male infants were more likely to be rehospitalised than female infants (AOR = 1.28), as were infants who were small for gestational age (AOR = 1.76) and those with a SNAP-II >10 (AOR = 2.00). Infants born at 34-36 weeks gestation who were never in the NICU (AOR = 3.10) were at higher risk. Having both a home visit as well as a scheduled outpatient visit within 72 hours was also associated with an increased risk (AOR = 1.94). Having had a home health visit (AOR = 0.66) or a scheduled outpatient visit (AOR = 0.83) within 72 hours after discharge were associated with a decreased risk. Considerable inter-facility variation persisted in this model. Table 3 shows our final multivariate model for prediction of rehospitalisation among all infants when infants in the ''jaundice only'' category were excluded. Results are similar to those of table 2, with the same predictors being statistically significant except for Asian race. Table 4 compares the results of the model described in table 3 with those obtained when we substituted centre level predictors (for example, monthly delivery volume in units of 50 births/month) for facility terms. None of these models were superior to our original model (all had c statistics ,0.636). Centre characteristics associated with decreased rehospitalisation were availability of home phototherapy, being at an alliance facility, having an increased proportion of non-white births, having a higher monthly delivery volume, and having a higher mean SNAP-II. Centre characteristics associated with increased rehospitalisation rates were having a paediatric residency programme and having a higher NICU admission rate.
Multivariate analyses
DISCUSSION
Moderately premature infants constitute more than 80% of all premature infants in the United States, 31 but little is known about their outcomes. A growing body of literature Table 1 Study cohort description suggests that these babies, who have received much less research attention than very low birth weight infants, deserve scrutiny. Moderately premature infants contribute significantly to overall neonatal mortality rates 21 and have been reported to have rates of long term morbidity (for example, cerebral palsy) that are intermediate between those of term and very premature infants. 15 22 23 It seems likely that their overall contribution to childhood morbidity is significant. Our finding that moderately premature infants who are never admitted to the NICU experience increased rehospitalisation is important. One possible explanation is that clinicians may be making clinical judgments based on infants' birth weight rather than gestation. In a separate report, we have reported this concern with respect to neonatal jaundice. 32 Despite the presence of an integrated system, significant variation exists in the use of home phototherapy and follow up visits. Several studies have shown that home phototherapy is safe, [33] [34] [35] but our study is the first to show the impact of home phototherapy on a population basis. Not all paediatricians are comfortable with this technology. 36 Poland has suggested that this reflects a general scepticism about the need to treat jaundice at all, 37 a supposition supported by another of our studies. 38 On the other hand, our data suggest that, at facilities employing home phototherapy, clinicians may have a lower threshold for initiating it than for rehospitalisation. If one wanted to assess the benefits of home phototherapy, it would be critical to address the issue of who needs phototherapy in the first place, a point raised by Plastino 39 and Newman and Maisels. 40 Doing so should include better description of the context in which phototherapy is provided (that is, whether it is part of a broader case management system). 41 Although the KPMCP has compared home visits to clinic visits among term infants, 42 43 formal assessments of follow up strategies for premature or high risk infants (for example, term babies who experienced assisted ventilation) are absent from the literature. Our findings also highlight the need for better data about the content of home visits and outpatient follow up visits. In one set of patients-those who had both a home visit as well as a clinic visit-the reason for increased rehospitalisation is probably that the nurse conducting the home visit identified the baby as being at higher risk and referred the baby to the clinic, where the final decision to rehospitalise occurred. However, for the remaining patients, electronic data cannot support any inferences as to whether the effect of a given clinic or home visit was to prevent or detect the need for hospital care. While there are some guidelines for what should occur during the course of these visits, 44 there are no guidelines for what sort of information should be captured about these visits. We also found that increased illness severity, as measured by the SNAP-II, was associated with an increased rehospitalisation risk. Although this makes intuitive clinical sense and is consistent with our previous study, 12 this finding is important. SNAP-II was designed to predict mortality but seems to have similar properties to SNAP-I, which, in addition to being validated as a predictor for mortality, also predicts other outcomes, such as LOS. 45 The SNAP-II is a simple score and can be assigned in less than five minutes. It may become useful for NICUs to employ it for clinical, not just research, purposes (for example, to help assign babies to different follow up programmes). We found that African-American infants are less likely, and Asian infants more likely, to be rehospitalised. Raised bilirubin levels are less common in African-American infants and more common in Asian infants in the KPMCP. 17 27 Also, in the United States, African-American mothers are less likely to breast feed, which has a strong effect on the second most common reason for rehospitalisation (feeding difficulties), a factor which we 18 and others 46 have described. We cannot explain the increased likelihood of rehospitalisation in male infants. In one of our previous studies, 17 27 we reported an increased risk for severe (>25 mg/dl) jaundice in male infants. However, in this study, the increased risk in male infants was not limited to rehospitalisation for jaundice.
We explored whether centre characteristics, such as patient volume, were associated with rehospitalisation rates. Our results in this area are tentative but could guide future cooperative studies. Phibbs et al have reported improved patient outcomes in NICUs with larger volumes, 47 so it is conceivable that centres with more volume and/or experience with handling sicker infants (as evidenced by a facility's mean SNAP-II) might, over time, have developed better approaches to discharge management.
In conclusion, we have found that variation in short term neonatal jaundice rehospitalisation rates are strongly affected by the availability of home phototherapy and follow up care. Moderate prematurity and follow up visits largely contributed to the non-jaundice rehospitalisation rate, but variation between centres persisted even after controlling for multiple factors. Therefore, variation among newborn rehospitalisation rates cannot be explained completely by either biological or health services factors. Future research should include development of better process measures for evaluation of follow up strategies. Among children whose first systemic reaction was purely cutaneous, subsequent systemic reactions occurred after 12 of 89 stings (13%) among children not given VIT and after none of 21 stings among children given VIT (difference not statistically significant). Of the 12 subsequent systemic reactions in the no-VIT group six were mild and six moderate in intensity. After a first moderate-to-severe reaction the corresponding rates of systemic reaction were 7/22 (32%) without VIT and 2/43 (5%) with VIT-a significant difference. Six of the seven subsequent reactions in the no-VIT group were similar to the first reaction and one was less severe; none was severe. Two patients had received VIT after a first severe reaction and had moderate reactions after subsequent stings.
Most children outgrow the allergy to insect stings but some (about 13% of those not given VIT) still have a systemic allergic reaction when stung 20 years or more after the first reaction. The benefit of VIT seems to be long lasting, with significant protection 10-20 years after stopping the treatment (the mean duration of VIT among treated children in this study was 3.5 years).
Some children do not outgrow infant sting allergy. The authors of this paper recommend VIT for children who have had a moderate-to-severe systemic reaction (not purely cutaneous) after an insect sting.
